SUMMARY Abnormal left ventricular wall movement during isovolumic contraction and early relaxation was assessed from simultaneous apex and echocardiograms in 50 patients with ischaemic heart disease, and compared with estimates from the corresponding digitised left ventriculograms. Received for publication 22 July 197722 July 1973 Hamby et al., 1974; Ruttley et al., 1974; Wilson et al., 1975; , and also by echocardiography during early relaxation as a dimension increase before mitral valve opening (Upton et at., 1976 
Analysis of the time relations between left ventricular dimension measured by echocardiography and the apex cardiogram has been suggested as a method of detecting incoordinate contraction (Venco et al., 1977) . This method depends on the apex cardiogram and left ventricular pressure being virtually synchronous during the periods of isovolumic relaxation and early relaxation. In normal subjects, changes in left ventricular dimension at these times are small, but when regional abnormalities of left ventricular function are present, significant changes in left ventricular cavity shape may occur, with corresponding loss of efficiency of energy transfer from the myocardium to the circulation . Such shape changes have been documented by angiography during isovolumic contraction (Karliner et al., 1971) and relaxation (Altieri et al., lPresent address: Medical Center Hospital, Odessa, Texas, USA.
Received for publication 22 July 1977 1973; Hamby et al., 1974; Ruttley et al., 1974; Wilson et al., 1975; , and also by echocardiography during early relaxation as a dimension increase before mitral valve opening (Upton et at., 1976) . It was the purpose of the present study to investigate the relation between abnormalities of left ventricular wall movement during isovolumic contraction and early relaxation determined echocardiographicallyand compare them with angiographic data from the same patient.
Subjects and methods
Fifty patients were studied, who required cardiac catheterisation and left ventriculography for the 'investigation of chest pain, thought to be angina. 
ANALYSIS OF ANGIOGRAMS
Angiographic analysis was performed using methods previously described. The overall amplitude of wall movement was assessed from superimposed cavity outlines from successive cine frames (Gibson and Brown, 1975) (Gibson and Brown, 1975) were studied in all patients. From continuous plots of this dimension, values at end-diastole and endsystole were read off along with peak rates of change during systole and diastole from the corresponding curve of the first derivative with respect to time. In order to show regional patterns of endocardial movement in greater detail, isometric and contour displays were prepared from each angiogram . For simplicity, the cavity was considered in three regions: anterior, apical, and inferior.
Two types of systolic abnormality were defined, and considered separately: (1) prolongation to more than 100 ms (the upper limit of normal, unpublished observations) of the period over which inward wall movement began in different regions of the cavity, and (2) the additional presence of a region of discrete outward movement of endocardium by 2 mm or more from the position of the cavity outline in the cine frame in which it showed maximum area. During isovolumic relaxation, two types of abnormality were also defined : (1) outward endocardial movement by more than 7 mm between the time of minimum cavity area and the onset of mitral valve opening, and (2) inward endocardial movement of more than 2 mm during this period, whether or not accompanied by outward movement elsewhere.
ANALYSIS OF ECHOCARDIOGRAMS
Left ventricular end-diastolic and end-systolic dimension and peak rates of change of dimension during systole and diastole were read off from continuous plots of left ventricular dimension and its first derivative with respect to time (Gibson and Brown, 1973) . The pattern of septal movement was assessed as normal, akinetic (when the amplitude of movement was less than 1 mm), or reversed. Apexdimension loops were constructed and analysed on the basis of values established in a previous study (Venco et al., 1977) . Normally, 0 to 15 per cent of the total reduction in dimension occurs during the time of the inscription of the upstroke of the apex cardiogram, between its onset and the 'E' point, while during the downstroke, between the 'knee' and the 'O' point, dimension increases by 7 to 30 per cent of the total change, these figures representing the 95 per cent confidence limits around the two mean values. Values outside these limits were taken as abnormal, those above and below being considered separately. No other attempt at quantification was made.
On the basis of this information, comparisons were made of end-diastolic and end-systolic dimension, peak rate of change of dimension during systole and diastole, and the presence of abnormalities of wall movement during the isovolumic periods. The results were assessed by linear regression analysis, Fisher's exact test, or the x2 test, as appropriate.
Results

ECHOCARDIOGRAMS
End-diastolic dimension ranged from 3-5 to 9 4 cm, with a mean (± 1 SD) of 5.4 + 0-2 cm. Mean endsystolic dimension was 3-9 ± 1 1 cm, with a range of 2 0 to 7'6 cm. The peak rate of change of dimension during systole was between 5 and 15 cm/s, and during diastole between 4 and 33 cm/s; these values were not normally distributed.
The apex-dimension loop was abnormal in 42 of the 50 patients. The commonest abnormality was an abnormally large increase in dimension during the downstroke of the apex cardiogram (29 cases) or an abnormal decrease during the upstroke (18 cases). Twenty patients had an abnormality of early relaxation only; in 17 this consisted of an abnormal increase in dimension before the 'O' point, and in 3 a reduction. In 6 patients, abnormalities were confined to isovolumic contraction, and in all consisted of a reduction in dimension. In 16 patients, abnormal dimension changes occurred during both upstroke and downstroke; 12 of these showed a decrease in dimension during the upstroke and an increase during the downstroke, and in 4 the reverse pattern occurred. The combination of an increase or of a decrease in dimension during both upstroke and downstroke did not occur, a distribution of abnormalities not explicable on a random basis (P < 0001). Abnormalities of movement of the interventricular septum, either akinesis (5 patients) or reversal of the normal pattern of movement (9 patients) are shown in more detail in Table 1 , but showed no statistically significant relation to the configuration of the loop. Estimates of end-diastolic and end-systolic dimension by the two techniques were related by the regression equation: Echo dimension = 0-6 (angio dimension) + 2-1 cm r = 075, standard error of the estimate 0 7 cm, P < 0001. There was no significant correlation between estimates made by the two methods of peak rates of change of dimension during systole or diastole.
The results of the comparison between the two methods in detecting abnormalities of wall movement during isovolumic contraction are shown in Table 2 . In 13 out of 14 cases, a normal left ventriculogram was accompanied by a normal apexdimension loop. Conversely, when the angiogram showed a discrete area of outward movement (19 cases) the apex-dimension loop was abnormal in 15. In the intermediate group, in whom the angiogram showed asynchronous onset of contraction only (17 cases), the apex-dimension loop was abnormal in only 3.
The results of a similar comparison during isovolumic relaxation are shown in Table 3 . A normal angiogram was accompanied by a normal apexdimension loop in 11 out of 14 cases. When abnormal inward movement was present on the angiogram (32 cases), the apex-dimension loop was abnormal in 27. Increased outward movement was the only angiographic abnormality in 4 cases, and in 3 the corresponding loop was also abnormal.
An attempt was made to predict the regional (Table 4) .
Discussion
Abnormalities of left ventricular wall movement are common in ischaemic heart disease, and represent an important mechanism of impairment of cardiac function in this condition. The most widely studied have been a regional or generalised reduction in the amplitude of wall movement, or aneurysm formation. These disturbances are usually detected by direct inspection of the angiogram or from superimposed end-diastolic and end-systolic cavity outlines (Herman and Gorlin, 1969) . Much more difficult to recognise, however, are abnormalities of timing, in which overall amplitude and direction may be quite normal. These may occur at any time throughout the cardiac cycle, but their major effects are to be seen during the periods of isovolumic contraction or relaxation disadvantage of angiography is that endocardial movement may be the result of overall displacement of the heart within the thorax. This does not apply to echocardiography when a single dimension is studied, but may do so when attempts are made to quantify septal movement. It is thus significant that in spite of these limitations, there was substantial agreement between the two techniques, suggesting that either may be used to detect such abnormal wall motion. This agreement may seem surprising, but its basis appears to be that during an isovolumic period, localised wall movement is not possible, and inward movement in one place must be accompanied by net equal and opposite outward movement elsewhere. It follows, therefore, that wall movement during either of the isovolumic periods may be either the primary abnormality itself, or a compensatory effect in a region of otherwise normal function. These disturbances of isovolumic contraction or relaxation are thus seen to be generalised, involving the whole ventricle, so that their presence can be detected by observation of wall movement in any part. Correlation between echocardiography and angiography in detecting their presence, though not in quantifying the amplitude and distribution of the movements of which they are comprised, is not likely, therefore, to be affected by the two techniques studying different regions of the ventricle. These considerations do not apply to estimates of cavity dimension or peak wall velocities, where agreement between the two methods was significantly less good than that seen in patients with valvular heart disease or cardiomyopathy and a more co-ordinate contraction pattern (Gibson and Brown, 1975) . Similarly, apex-dimension loops did not correlate with the overall amplitude of regional wall movement shown on the angiogram or with the pattern of septal movement. Apex-dimension loops are thus specific in detecting abnormalities of isovolumic contraction or relaxation, and agreement between the two methods cannot be explained merely on the basis of generalised left ventricular damage.
The left ventricular dimension changes during isovolumic contraction and relaxation recorded by echocardiography were not random, but appeared to follow well-defined patterns. A reduction in dimension during the upstroke of the apex cardiogram was much commoner than an increase, while during the downstroke of the apex cardiogram the reverse was the case. If abnormal movement was present during both these periods, then a reduction in dimension during isovolumic contraction was always accompanied by an increase during early relaxation, and vice versa. It seems likely that during isovolumic contraction the primary abnormality is an increase in dimension caused by late onset of contraction, while a reduction in dimension represents the corresponding compensatory effect. Conversely, during isovolumic relaxation, previous studies have suggested that inward wall movement is the primary abnormality, and an increase in dimension the secondary effect 
